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(54) DC-DC CONVERTER 
(57)Abstract 

PURPOSE: To provide an on-board power supply that 
generates a higher voltage than an input voltage, for 
example an output of about 100 V, using a low- voltage 
withstanding switching element. 
CONSTITUTION: A DC-DC converter includes an 
MOSFET 3 for switching an input DC voltage (VIN) from 
a source using a switching drive signal applied to a gate 
(G) and generating an output to a drain (D), a driving 
circuit 2 controlled by a cyclic rectangular control signal 
for generating the switching drive signal to the gate (G) 
of the MOSFET 3, and an inductor with a terminal (d) 
connected to a diode 5 and a middle tap (f) connected to 
the drain (D) of the MOSFET 3 for storing energy during 
an on-time of the MOSFET 3 and feeding the energy to 
a load 7 during an off-time of the MOSFET 3. In addition, 
the DC-DC converter includes a diode 5 that is in a 
non-conductive state during the on-time of the 
MOSFET 3, while the diode 5 is in a conductive state 
during the ofF-time, and a capacitor 6 for smoothing the 

energy stored in the inductor through the diode 5 and generating an output voltage (VOUT) 
across both sides of a load 7. 
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lcj3lti>aj*aEV0UT $S£*fl)I^ElDC-DCa> 
/<— $<B5t (1 8) lcj3ltStii*SffV0UT tlt«-rS 
t. £ (2 4) JCfcl+SffiaSEVoUT »*S* (18) IC 

VL1+VL2 5 
5t (2 5) AoP>. VL2-VD = 

VCE=V|N- (VL2-VQ ) = 

[0077] 5£ (27) (CfcltSrjU<7^C- 

xS-y^EIHiaEVCEl*. ^<DHEMD C- D C u > 
^-^OS (19) iCfcl-tSaL^^C-iSySEIHl 
aEVC£<!:lt«LTVL2fc*lt'h3?<^-5o of-y. VQE 

h7>v^ 8<DifE#/h£l^0>-t?/%t;. LfrU C 

*«EVouT «#*fc*>l=l*. A2iaEV|N£*£< L 
fcltftlifc^fc^fcifc. j£© h7>S?X$ 8 0>itSlitt 
SfcttKEUD C- D C a $ letter < 

[0 0 7 8] 

[fglUJtfftmLJ: ?£■*••&&&] CCDSESSCDSS 1 OitHWi 

t^attfi<siDc~Dca>/<- ton— t 

OFF (D^#TI=*J^T. di*aEV0UT ISA*>«EV|N 



fclf-5tiirt«EVouT<fc y t-f 4i:*IB$ 

>XI_2 t©ttl=ifc«ILrSI^ELfcaEi:^t^. 
[0O7 6] tfc. h7>v^9 8&*70>t£<D 
>VX$ 80)3U^^-x£'y5i(a<DmEVcEl*- -f > 
#<7$4<D£f&Ml 0)i5g!S8aESVLlfc<fctf#j«M2 <B 

niMS«'VL2&-r«&. 

= VD +VOUT (2 6) 

= V0UT -VL1 (2 6) 

(V|N+VQ ) -VL2 (2 7) 

t«l**L<Jtty. A*«EV|N<fcy tiSl*SE£»*> 
Ctli^fciv, *fc, ^-f yf 1 ^*^!:!* (V|N+ 
VD +VOUT ) 05WEA<j&»T?fc*fc«>s (SWE<DX-f 

^ > ^f? J&<ttJB T? # L \, 
[0 0 7 9] S&3|E<Dm2«)atl5-C2bS»ESDC 
-DCa^/\'-ifpl4. TON=TOFF ©ftfrTlCfct* 

r, tu^aEvouT i*A*aEviN<fcy4.*?i2f&SLxa 
(vo +vout ) ©WEA^S-efcSfcto, <gWE<DX 

[0 0 8 0] «0)S3 0)af1?fe5»ElD 

C-DCa>/\- T0N=T(FF <Dft#Tlc*Jl* 
T\ dd7J«EV0UT l*A*«EV|M»tt*»t*y. * 
fc, X-f (V|N+VD ) ©WE*<&S 

-<*&«*:«!>. SiE<7)ai*«EV0UT £»&fc#>l~l**<0 

# a * tE v i n a » < u y . <sw e <o x -r t > -ym 



(8) 
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[0081] tete£t,{z. 9t%L<D&4<»&.ffi<»'mm®m 

"J. «£3fc<DB$I±$! D C - D C 3 >A— 5* letter T0N= 
T0FFf5^li:^#T-e. tt*«EV0UT l*-f >***4 

:/XLi ir-f>^$>XL2 ttf)ltl=Jt 
«LT»=»EU -£tz*<< vTXfm^-lt (V|N+ 

vd -vl2) ©WEA^s-cfc^fc^. i6E<DdjaaE 

Vout *#Sfc*l=l±-€-0)»A*«ttV |N#*£ < £ 
M, (5»lE<DX^^>?ir?#<£ffi^£fcL\, 
[OO 8 2] 

r &H£8?*-f£>fr«><D^K] **^ICJ:SDC-DC 
yMM»l= J; y ttlBtt 1 ««lcA*> £*t-5ltil8BA*Jii: 

iBx-r -v^>^Ki(i<i^$ai*ugrf2 h^vx*roSi 
SiS 2 #tft £ ©IHlc* v 7«Rfttne* I *§&«>TlfJie* * 

-r * 1 1 * i=«riB* -V :/«&b h ^ >s?x* 3 

Ta>«II5»2#«g<0gFffi$ ^ :7£K»^IlcD-iasl-^&SlL 
urstitE h7 >vx$*<t>© t £ idM&a t & y a-? 

<7)££l=»a^£iiiJlHSS5flt?-<!:. -aaSSHiliegSSf!*^ 

* >Xf^lcg»£;rifci*M^-£ J F;ftl.Tl!1J 

[0 0 8 3] £fc, **B^I»«fc^DC-DCzi>/^— ^ 
I*. mi^«S!i:lg2««!t©rai=^<y^8aitfIIB*1 
-y^i:S>t#J<D-4a${te^A^a«l:S!K$tl 

*i=i?ijie$<y:7£ h7>i?x^rom3*«rcflfi^ur8fi 
<d t §• ictuiBsa 2 *if=x sfiitHSgstdT^a 

CTte«A^a«iiil=«8t3FtiSfi^<D-^tt$g-r*-f 
^^VXSfir^ -&*<«Jt5&ai9lc&«a<*:h,6>^ 
»!WA*i^ll)«MftilJ»e#SA**ttrtel«I^X'f <y 

^-r&X-f^^EM^fSt. Sg3lE&£fl!l!2&a« 
i:^LA^^-X^f,A***T-SWI3X-f ^v^E 



sttSffitHA^is^^^roifissmE^x-c 

\zimm ttzi)*z>o>t$ ics»a-r * Btjtss^m^ £ . 
Lfr-oi&m&m&Ximtzmm LntirtagsssnT^a c 
^-^^^LrffiiHfi^flJiagiaiicmiaA^itsKmasa) 

[008 4] $?>IC, *ffciyj|Cj;.5DC-DCzi>/<— 

y, v-x. y-hjs<fct;KL/-<>M«jfBigia«. m 

[0 0 8 5] 

s. *niyiamiG>3gj60!£^-rsi d 

1 <D^X«grc^«$tL*%oy- h Gfr 
ft-SX-f ^^>^K»a*l=«iJffli**trA*l£35a® 1 
0>A*«EV|n£X-< 7f^Lt KU-f l/D(Cttl*-r 
5X-f y=?>7m?t Lt(DNff¥^KDMOS F 
ET (Metal Oxide Semiconduc 
tor Field Effect Transist 

or) st\ -®atfmxi®Q&&vmi®zizmm£ - 
tifr-omm a*h ra^p> a* $ tv&&m&w.<&mmtfiu 
mmmmzumisHxmmbiz^ v^xfmnm^ 

til*LMOS FET Z<D*f— hG^etJS&LTMOS 
FET3*X-<^5 1 >'5 r Kl0-r-SEWllHlte2i % -S»e 
A^lfe^Q &&Xt®*tlMZ\z&mZ*ifr^>m® d *<g3£ 

CO^IHKifcl-t&ft-S^ra^'y^f A'MOS FET 3(7) 
KU-f >DlC^!gt^tvrMOS FET3A<T>©it 
lc3S*t?,S35 I 0N«=* l J i*^«I»t -5 i: <b tic 
MO S FET3*^7fl)i:^lC-e<DSW*ttfcX^.^ 
^f-IO: y 2»jg«* * LS35*^F$»a * 
I OFF *35t-«fc5lctitlf S^S-f 4t, *V 

iS^i Z J: ^Slfe^Q H^fiS 7 ©-^81=^ 

StLTMOS FET3A<t7©i#l:*ILMOS 
FE T 3tf*><Dt£\z4mmtU%>&}fcm=Ft LX<D 
94 *- K 5 t , t-K5ffl7y- Kffldi: m 

*«W^atra?S7 0)-!«i:lc}f«ldtlA^<fe^*<^ 

a ls~r 6 i \z <fc y «fS * *i5 . 



(9) 
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[0 0 8 6] WjftlZ-O^X&iWtZ. MOS F 

ET 3&*ls\Z&&b<(>#2* 4<D#f«M2 ffl"JlCl*« 

S*lT<r:/*99 4aMMtM2 l:MOS FET3M 

VlN 

A Ion = ♦ Ton 

Lt 

[0088] tUZ. ^<Dk$-<^W*9lzWm£tl 
[00 8 9] 

E = -La' AW (29) 

2 

[0090] LfrU MOS FET3A«t> 

[0091] cct, -r >*f^$ 4w#i«M2 i-mss I 

ON^ttTL^-Sir^lCMOS FET3?t7i:f5 

* >(OWWICfl« * *tfc X*JU4F- E l*-f > * 4 1- 

Voot+Vd 

AW - 

La+La 

[0 0 9 4] ht£&o 

[0095] <1L, Li +L2 =Lt?fey, Lte-f 

[o O 9 6] 4lc3S*iS*3S*<il«WJS:»d 

Vm Vour+Va 

• Tom = 

La Li+La 



4<Og&M20M>3 r ?S>x£l-2 . MOS 
FET 3fl>^->^IH$T0Nfc«fet;MOS FET3OT 
V— XS- KU-f >D|WSl±$-VDS=0<t-r^<b:. 
[O O 8 7] 

(28) 

»$*lfcx*^-EA<^-<^- K 5 fc«fctfu l/^V-* 
6£fiCTl&«U fi^7<DSSiil!lcl*A*SEV|Nija» 

[0092] C©±:£0M>$f<7$4, ^-f^"— K5fc 

a?*7 siicTsui-ssss i off o^mt^A i 

OFF I*. -r>*^*4<D#«Ml (O-f^f $>X$L 

a557^a<oai*aH : ,vouT*J*t;Mos fet3© 

*:?B#IH!£TOFF fcJ:tf^t-K5©0^KTlE 
[0 0 9 3] 

• Topf (30) 

Tout toff toiMmz-o****** 

*i*m»*Mb*h OtUA I 0N<t A I OFF tl*»L<«: 
Sffll?, 3£ (2 8) (3 0) 

[0097] 

- -Tow (31) 



[OO 9 8] ttlZ>* 

[0 0 9 9] COit (3 1) ^£>A*»aEV|N<!:di2>® 

Li+La Toh 

Vow = * 

La Tow 

[0101] tfcy, cc-euiB^^fBsmic-r^toicvD 
= o ta**EvouT i*a*«i±v in* y 

BELfeVE&ttU. #lx.l*T0N=T0FF iSJstfLi =L 
2 ©3M*T7?a>tiJ:*)amV0UT l*A*«EV|||<©2tel= 
*P>(CC<7)IDC*#T-eS (3 2) lcfctt-£tiJ:to 
SEVOUT £«E#0>«14£lSi>DC-DCri 

it (5) icfci+sajaaEEvouT titK-r-st. *t o 

2) l=J3lt*ffl*«ffiV0UT W^A<3S (5) icfclt^tb 

*«e£vout >***4\z+m*'9yt *tait 

I*. fDCtb*aEV0UT £itS/=to0>A*«EV|Na3<fc 

VDS= (Vin+Vo +V 



EVOUT £ 0>M«£*to-5 
[0 10 0] 

• V w -Vd (32) 

^•yf>^tLt«)MOS FET3<DWE 
A«, ft&tfJ&teSteiy D C - D C n <7)A*)f£E 

v i n <fc h ^ > x $ 8 wit E £ y * 'h £ < r & c 

[0102] MOS FET36<t7©it«)MOS 
FET 3(0 KW> D-V— XSfflWEVDSl*- 
2$4<D#8&Mi 0)iSP»«E£VLli3<fctf#i*M2 0>iS5 
Si8«E^VL2i:-r*t. 

VL2=VD +VOUT -VL1 (34) 

VDS=V|N+Vl_2 < 35) 
(3 4) ia (3 5) 

) -VL1 (36) 



(10) 



?5Bfl*P 7-111778 



[0 10 3] £ blCCCDSS (3 6) <DVDS£#$*M1 <D [O 1 O 4] 

Vw - — - — • ( Vd+Vcut ) +V M (37) 

nj+na 

[0 10 5] ki£&. f>^^MLtx-f-yf>^mx-f-vf>y 

[0106] CCt. 5£ (36) |CJ3I+^ KW>D- iEKlf -SIE16IH1B2 KU-f>D4W^$4©«l> 

V-XSmj«EVDSl*. St*0>aitSeSDC-DC3 M^>y^f (C^gt^tlAN^V-XSA^^aQfcJ:^ 

(6) lcfclf£ziU-?*C-iS-y*Era *«Z|cj^*;fcTMMStt2*&«l&*ft*X-r 

mffVcEtit«LTVLlfc*lt'J^<<C-S. o^y. VOS V^E»l«#l=SflW3?4xr-f >^<7^40>««Mi$iI 

ISM- 4lc4>fH*>;/?f ^iait*Ctlc<fcy#«l LT&tS£:h,£A*>i£3ii«Sl *>$>0>A**EV|N£X 

Ml ©SStnl t««M2 <D#»n2 t (D^&itlCjfcfl -f 7f>yt5X-f 7f LtfflPIBf 

LT/J%*<fcy. dO»MOS FET3(DIE*^$ ©MOS FET3t, TJ — KttftW * 4 ©ffe 

<T,$t,\, cojctl*, <fcyS5L>S5KaJrt«IE£l§S<h Sd v- Kl*^Jt«^(0-8*5<fcU: 

JlSt'Sf t'fcS. ±.8H(7)ToN=TOFF • 1-1 ta*SS8W$aLTteaa!A^«6fflZfcJ:i;eifiSI!Q|cSS| 

= L2. nl =n2 *><fctKVD =0<D^TIC*Jt^T, * tlSfiffi 7 0>— m~W&Z*lXM O S FET3*<t 

1 OO VOttl*«EV0UT $#Si*»MOS FET £l=3liILMO S F E T 3 1fi-*lsO)t 

$iait>Eft^3R<DfiHSfiteSDC-DCa>/<-4»<D h K5<D*V— KfliJfc<fctftiia3*W£iIL-C&ffi7<D 

7>i?X$8fl)WEVcE=200VtttRLT1 OOV tt^Ote^mife^Q fc<J:tf&tt!3SZ|cS 

**&>et«k^<&^y^yT?«fflt'-s»^0a-cfc-5*<. s. 

ii#i*-r^u-x>y7 o%gft-edffl$*i5o)^, c [0108] ^ic. t&tticoiN-ci&iirr-s. MOS F 

ODWEgfiS^lcA^fcoTI 3 0 Vlcfc-SOT?. * ET3A^>loEc-6i:-f>^^^4<D-SBet*ra^'y 

ras v ? f -s c t icj: sansi**^. zf f t omzxtifczawm i a* e>© a**ee v in6<bi» 

[O 1 07] *3H8(O»2<BgS!60ii£ji^-|a2 Stir-OSf-** 40>#*&Mi feJ;tfMOS FET3 

£#RrT-5±:* DC- DC 3 I*. -*^d*«A* icttmgg I gn*Wl. 4I=x*jHF— 

lK$*t-SA*l£3Sa3Si <D^X<S9lc^$*tffiSBoA< I ONliHftffitKKiarfcU *<DS35£te#A I onI*. •< 
»35JII^<D-«l=&IS£*t3£i4,l::g«Ml t#ISM 4(D#«M2CD-f >*-7* L2 . MOS 

2 ±©4 J fH(::i9:l+e>*l-54 1 IH£';'?'f A*^-f vTXfM FET3©t>KIBI$T0Ni3<kyMOS FET3A) 

#»Mi $S5ltl*«gSlONl=<feyi*^-^*W^-S [0 1 0 9] 
££4,l=X^^>^irFA<*7(D*§Mc*<&S«2F*i Vm 

fcx^;u^-l=J:yi£je«*$eieLS3SSl^-*S»a* A3oN " 'To" (38) 

#T«3KlOFF*35'rJ:3l=ttlfl|-r-S'f >^^4i. U 

-SJBa^ife^BQfci^gliftiSBzic^iMI^H^ofiJ^A [0 110] £U& 0 zo>t £4 * Hz'gmzti 

^j^fiRfr&A^J * *i &*§fl2;tttt«>ja*i N«c«fM*l=« 5 x * JU*- E I*. 

»**irteablcx-f«y^>yiEll)<i^tli*LX-r <y [0 111] 

£ = -i- -I^-ZJa, 9 (39) 

2 



[0 112] LA^L. MOS FET34<t> 

[O 1 1 3] CZt, -Y >$f** 4<D««Mi |=*SSl 
0N*'a5*l"Ct^-5t^lCMOS FET 3$^-7lcf^ 

C0)mS5 ION£*tfSLJ:5«t LTMOS FET3 
A^>0)JHIHIz^>^4i 4lc£»$*ifcx*jMf-E 



B35ffl<o^-f k s A<siaLrsgs I OFF *<35*W •< 
^•Sf^^ 4|c«a$*tf-x^.;u^-EA<A*Ii35aiS 1 

aEV|N<t|s»Stta)IEO)tli*BEV0UT *«»?>*i.&o 
[0 114] ZOt^toJ^yO* 4&&Tf*f'(*-b' 
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[0 115] 



5 £35*1-5 *5S I OFF (D^mt^A I OFF I*, -f 

©tB73«EE£V0UT fc<fctfMOS FET3©t7^IH 

Voop+Vd-Vm 
Alow = • Tow 

[oii6] tu&o -r s 4 izffi.H&nza i oNt 

I OFF t*<a^a<J^«^£#^i»i:. ToNtToFF «t«> 

Vm Voot+Vd-Vd, 

• Ton = • Tow 

U U+U 

[0 118] tte&o 

[0 1 19] (IL. Li +l_2 =L1?fey. Li*-r>y 

La+La ion 

Vow = 11+ 



(40) 



t A I OFF i:l*^L<^.5<D-e. 3 (3 8) t& (4 
O) 

[0 117] 



(41) 



[O 1 2 0] C©5£ (4 1 ) A^A73WEV|N<tai2)t 
ffVouT £<DHGS£*tf>S<t. 
[0121] 



( 



La 



I OF? 



) 



• V M -V D 



(42) 



[0 12 2] irfcoT, Ui*aBEV0UT l*A*»WEV|N 
<fcy t#EL*:*E.hfcy. T0N= T(FF J3<ktf 

Li =L2 0)^#Tt?©tli*mmvouT (±A*ai±V|N 
(D3fS©«E±:fcS. 2 h>lzZ\<DmC&WTV& (4 
2) IcfclT-SaiAaEEVoUT £«£*©»EEK«S1!DC- 
DCn>/<— 5KDs£ (11) l=fcltSttl*aEEV0UT t 

tk&f -st. a (42) icfcitstti*«mvouT 0>?ja< 

a (1 1) l=fclt^tU*SEV0UT -O^** 

LfcWEtfc-s. cfoctit. i^cm73asEvouT 
5fc«xoA*«Evnifc«fctfx-f .?9drjt?>&LTa 

MOS F E T 3 ©WEEA^ StS5©SElDC-DCa 
>/<— ^<7)A^I*IEV|Nfc<fcL>: S7>vX$ 8<73i5t,E<fc 

yfc/J*£<T3K?:: JiTFlccftSsgaM 
Vds - • ( Vd+Vout ) 

ni+na 

[0 12 6] 

[O 1 27] CCT*, 3£ (45) KU-f >D- 

V— XS|Hl«EVDSl*. St*a)»ESDC-DCa>n' 
— ^(DjS (12) iCfclt&zjU-S'SC-XS^Eftfl* 

-< >^^^4ic*ra^->^f sai+*cfci=«ky. «« 

Mi <D#&ni i:#«M2 W#&n2 t ©*»ltl=Jt<H 
LT7h*<fcy. :©»MOS FET3©»EAM^ 
<T»t. CfflCirlt cfcySl>SEtiJ2i*E£»£.!: 
£l5£*H«-<?fcSo «*.«. ±S5(OToN=TOFF . Li 
^L2 . n 1 =n2 fc<fctfVD = O0)*i*Tf= fe^T. 
1 00 V<&fti*>ttEV0UT $#St§0MOS FET 
3<7)WEVDSl*6 6. 7Vfcfcy. (5]£H*TCD+rBl$"v 
^*ait*t»fSE*«)*ffifflDC-DC3>/<— 



[0123] MOS FET3i6«t7(DiS(DMOS 
FET 3© KU-OD-V— ASlHaEVDS»*» 
<7*4©#8&Ml <DiSia}aE£VLlj3J:t;#«M2 ©iS 

V|N+VL2=VD +VOUT -VL1 (4 3) 

VDS=V|N+VL2 (4 4) 

3£ (43) (44) tfrt>. 

VDS= (VD +VOUT ) -VL1 (4 5) 

[0 .1.2 4] *f>lCC<DJC-(4 5^ ©VDS*. #ISMl 
0)i»$n1 fc«fctf#l*M2 ©S»Jn2 tUtiW 

[O 1 2 5] 

( 1 — ) • Vw - - (46) 

ni+na 

ls*>7.9 8©ffitEEVCE= 1 O O Vtlt«LT3 3. 3 V 
©WE^A<*CS. c©iftI£fc<fct/iftEMte&<&©fR ; F- 

zm*t**te&g y # y T?«ffl-r -5»^©fis^fe«*<. 

I«ltf^ U-f >^7 0%lS-Cfifflitl$<Dt. C 
©ItEE^I* fcoT 4 3. 3VlzfcS©-e. 

[0 12 8] SS1 $»«fctfSR2©3fctfi0ll::j3(^"C 
I*. A-f-yf^i^tLtMOSFETSfitlLfca 
$r=OU>T8JiB^LfcA^ JFET (Junction 
FET) «ttJBLfe«d-et.BI4tf::%!|-e*. 

C, ^-^Bfcilll 5 7 5 E $ F E T© V— X S. Y 
hG fc«fcO: KL"f >D©^-tL-etLlc^f5$1+TSeL 



(12) 
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[0 12 9] mtz. A*)S8P tm&®QktS\\ZjEO)fcZ$. 
HE V OUT $#3*£©«J£fcJ:t;i&flMCOUTjiE'<fc 

OUT £&4*B£I-I*» MOS FET3*Nft*JK0 

5 0!)lRl^$*V-Kffl!li:7'>'-Kffl9<t$j£lc-r+ilS. ± 

6 t m cutis n * ^ c a&ff-ensi-f sct^^s. 

[0 13 0] 

*aE«fcytiS<v fro. Wx.l£T/^>v*h2 > -f'7|- 
— K (APD) -&©l=Sy 5-S 1 O O Vgtfl) 

!SSUiaaE£f#<5^ Lfr*X-f -v^XffSl 

^SE^aiE CO>|cJt0!l LTKSlcfc 
[BllB«>N!*ftg»eil] 



[01] *^o»1 ©S^!S0«CDDC-DCzi^A— £ 

[13] mi(Dfi£3lE«l©ai4SteSDC-DC=l>/^- 

[14] SS2 0DSt3|5ffl<DSmS!DC-DCa>/^— 3»£ 

[15] »3<Dtfc3fe01G)P$EEI!>DC-DC:3>/<— 

[16] *S4<Dfe&m<J>nM®&£iK-r®t&®V&Z>. 
[8#<D»W] 

1 a a status 

2 Planus 

3 MOS FET 

5 ^-f^--K 

6 3 

7 ftffi 




[12] 



(13) 




